The Fluor Daniel Company, a major engineering consulting and construction firm, is applying the Purdue Enterprise Reference Architecture and Methodology (PERA) to their project work. They have established these methods across a range of industrial areas which the company serves. They have used PERA to present a framework around which much of their current work practices can be organized. These will be discussed in this paper.
INTRODUCTION
Enterprise integration has been a much promoted and debated technology in the United States and most other advanced industrial countries over the last two decades. Originally proposed as computer integrated manufacturing (CIM), it has recently been generally described as computer integrated enterprises (CIE), or more commonly, simply as enterprise integration.
SELLING METHODS

Why Use the Fluor Daniel-PERA Methodology?
Fluor Daniel personnel who were familiar with the Purdue Enterprise Reference Architecture and the Purdue Methodology (PERA) believed it to be important for their company for the following reasons:
1. It provided a full 'life cycle' for the facilities being developed in the company's projects with its clients. 2. It provides a means for handling human and organizational factors inherent in these projects and in Fluor Daniel's approach to these projects. 3. It presents a 'phased' approach to reduce rework in carrying out projects. 4. It provides an understanding of the dynamic interfaces between the many disciplines of engineering and management working on a particular project. 5. It provides informational models of each phase to improve understanding and to monitor the work in progress. 6. Perhaps best of all, the PERA diagram looks intuitively correct and presents the life history in a way which follows the conception which most engineers and industry management have of their plants and companies. Each of these capabilities were more successful than the corresponding ones available from previous methods or were entirely missing from those earlier methodologies.
Some Subtle Changes Made in the Presentation to Improve Acceptance
Figures 1 and 2 present the PERA Life Cycle as initially developed by the Industry-Purdue University Consortium for CIM which originated the PERA Methodology (Consortium, 1992; Williams, 1991; Li, 1994) . Figure 3 shows the Life Cycle Diagram divided into numbered blocks and nodes. This figure was accompanied in the PERA documentation by an extensive table detailing the tasks required at each numbered location, the models and tools available or needed for carrying out each task and the deliverables to be produced as a result. This listing greatly expanded the brief notations on Figure 2 and particularly those on the second page of Figure 2 , a very valuable presentation but requiring considerable detail to present its message. The above listing is not included here for reasons of space requirements in this paper. It is included in the References (Consortium, 1992; Williams, 1991; Li, 1994) . Figure 4 shows the single sheet presentation of all of the above material as eventually used by Fluor Daniel personnel in explaining the architecture and its potential usefulness to their compatriots (both internal company groups and external customers). This was thus a major increase in convenience of reference for the user over the previous Purdue documentation. It should be remembered at this point that the Fluor Daniel personnel making the presentations as well as the representative members of the Industry-Purdue University Consortium and the Purdue University personnel who developed the Purdue Methodology were all personnel with control and information systems engineering backgrounds.
At first the Fluor Daniel presentations of PERA were met with a 'ho-hum' attitude from the listeners, most of whom were from other disciplines than control and information systems. (The lecturers were using modified versions of the Purdue prepared materials (Figures 1, 2 and 3 ).) They noticed this inattention and resolved to determine why such an important set of materials (in their eyes) was so poorly received.
They correctly surmised (fortunately) that the problem was that the listeners received this material as just another scheme to build up the importance of the control area and not something that could be of very major importance to every discipline in Fluor Daniel or their customers.
The answer to this problem, once identified, was simple. Just flip-flop the model (or framework) of PERA so that the mission-fulfilling tasks (the customer product and services functions) were on the viewer's left and the information functions (data, control and communications) were on the viewer's right. Then PERA and the Purdue Methodology were readily accepted as something of relevance to all! Compare Figure 4 with Figures 2 and 2 (continued).
This also meant that the 'left-to-right' order followed the sequence of the design steps. For example, during the Preliminary Engineering Phase, one might design a tank and a pump (Item 10 of Figure 4 ) which would be represented on the Piping & Instrumentation Diagram (P&ID). The decision would then follow that the operator would not manually run this pump since it needed to start and stop every 5 minutes (Item 11). The instrumentation to sense tank level and start the pump would then be added to the P&ID (Item 12).
Thus two ways of 'ordering' the PERA steps should be considered. One is of priority of importance or rank, and the other is of precedence in time. By reordering PERA it now fits the perceived order of placement in both priority & precedence.
This perception is a result of the long-standing custom in Western countries that the place of priority or precedence is up and/or to the viewer's left, and that the sequence will be from the top to bottom and left to the right.
Think of a few examples! 1. National flags when displayed in a group, 2. The medals on a soldier's uniform, 3. The guest of honor in a receiving line, 4. The arrangement of the elements in a Matrix, 5. Reading a book, 6. Etc.
Thus the non-control system practitioners were, probably subconsciously, viewing the original PERA presentation as not reflecting the importance and sequencing of their own disciplines and correspondingly glorifying the importance of the control and information field. This is especially significant when one considers that information and control comprises only about 15% of the budget of an industrial plant construction project, the rest being devoted directly to mission fulfillment equipment and related items. Hence the reversal of perception when this small difficulty was corrected.
Please note that the reversal of position of mission and information tasks also entails a reshuffling of the assignment of the box number description of tasks (see Figures 3 and 4 and related discussion) in the separate phases. Information and control tasks will now have the higher number of each group of three in each phase rather than the lower as before. The reasoning is the same as before in terms of acceptance.
The Purdue group had not noticed this before since their audiences had almost always been those interested specifically in enterprise integration or control systems.
This Fluor-Daniel Form of the PERA Diagram will be used in the remainder of the figures in this paper. However, it is noted that other users may have equally strong reasons to modify the PERA diagram in other ways to meet their own needs. In addition, the Purdue staff has studied other aspects of PERA which are much easier to show on the original form of the Framework or Architectural Diagram.
INTEGRATION OF HUMAN AND ORGANIZATIONAL FACTORS
A singularly important contribution of the PERA Enterprise Integration Reference Architecture has been its presentation of a very simple yet again intuitively correct method for accounting for the place of the human worker in any enterprise. The system works as listed in Table 1 and in the following discussion.
In order to show the true place of the human in the implementation of the enterprise functions, we need to assign the appropriate functions to the human element of the system. This can be done by considering the functional tasks as grouped in three boxes in the preliminary engineering or specification phase. These are separated by defining and placing sets of three dashed lines in the graphical architecture representation. This action will separate the two functional analysis streams into three as shown in Figure 5 and thus assign the tasks or functions involved to the appropriate boxes. The resulting columns of boxes then define the automated information tasks which become the Information Systems Architecture functions and the automated manufacturing tasks which become the Manufacturing Equipment Architecture functions The remainder (non-automated) become the functions carried out by humans as the Human and Organizational Architecture, The Automatability Line (see Figure 5 ) shows the absolute extent of pure technological capability to automate the tasks and functions. It is limited by the fact that many tasks and functions require human innovation, etc., and cannot be automated with presently available technology.
The Humanizability Line (see Figure 5 ) shows the maximum extent to which humans can be used to actually implement the tasks and functions. It is limited by human abilities in speed of response, breadth of comprehension, range of vision, physical strength, etc. 
2.
All information transformation tasks can be categorized under functional headings such as planning, scheduling, control, data management, etc. Therefore, the need for such tasks in the enterprise or CIM system can be derived from the requirements of the enterprise for such functions.
3. Likewise, the requirements for material and energy transformation-type tasks can be categorized under the heading of physical production requirements or plant operations and the necessary tasks similarly derived.
4.
Normally, information or data will undergo multiple transformations, i.e., many separate tasks (where a task define each transformation) in fulfilling the information-handling requirements for an enterprise or CIM system. These transformations or tasks are usually successive operations forming sets of sequential and parallel networks.
5.
The same is true of the material and energy transformation tasks for fulfilling the physical production or plant operations requirements for the enterprise.
6.
In each case the networks involved can be combined, if desired, to achieve one major network of each type (Informational Transformations or Material and Energy Transformations, respectively) the totality of which defines the functionality of the enterprise or other business entity being considered (i.e., the totality of the information network, plus the manufacturing networks, both of which are developed separately but used conjointly).
7.
The two networks interface in those tasks that develop operating variable state or status from the manufacturing processes (sensors) and those that deliver operational commands to the operational units (actuators and related devices). Except for these tasks and their related requirements, which do affect the other networks, each network can be developed independently of the other.
8.
All tasks can be defined functionally without reference to their method of implementation. It makes no difference whether they are conducted by humans are machines (or in what type of equipment or where). All of these latter considerations are implementation details. Any discussion of the place of the human can be postponed in the manufacturing system development until after all tasks and functions are defined. 10. The split of functions for implementation between humans and machines (on both the information and manufacturing sides of the diagram of Figure 2 ) forms the first definition of the implementation of the resulting manufacturing system. Because of the inclusion of humans, there must be three separate elements in the implementation scheme: the Information System Architecture, the Human and Organizational Architecture, and the Manufacturing Equipment Architecture.
11. Provided all timing, coordination, etc., requirements are fulfilled, it makes no difference functionally what functions are carried out by personnel versus machines or what organizational structure or human relations requirements are used.
12. The split in assignment of these functions (i.e., between humans and physical equipment) can be expressed on a diagram by an Extent of Automation line.
13. The diagrams noted above can be extended to show the whole life history of the manufacturing enterprise.
14. All tasks in the Information Architecture can be considered as control in its very broadest sense, either immediately or at some future time. Likewise, all data collected and information generated is ultimately to effect control of the overall system being considered, either now or in the future.
The only other use of this data and information is in the context of a historical record.
15. Likewise, all operations on the manufacturing side can be considered conversions, the transformation (chemical, mechanical, positional, etc.) of some quantity of material or energy.
16. Once the integration of all of the informational functions of an enterprise have been properly planned (the Master Plan), the actual implementation of such an integration may be broken up into a series of coordinated projects, any and all of which are within the financial, physical, and economic capabilities of the enterprise, which can be carried out as these resources allow as long as the requirements of the Master Plan are followed. When these projects are completed, the integration desired will be complete. 17. All tasks will be defined in a modular fashion, along with their required interconnections, so they may be interchanged with other tasks that carry out similar functions but in a different manner.
18. Likewise, these tasks will be implemented in a modular fashion, again permitting their later substitution by other different methods of carrying out the same function. The choice of these implementation methods can be governed by independent design and optimization techniques as long as the task specifications are honored.
19. Provided the modular implementation just noted is used, the interconnections between these modules can be considered interfaces. If these interfaces are specified and implemented using company, industry, national, and/or internationally agreed upon standards, the interchange and substitution noted in Item 17 and 18 will be greatly facilitated.
20. By considering that manufacturing is a type of customer service, i.e., production of goods for purchase by the customer, and then expanding customer service to include all possible goods and services the enterprise may render to the customer, we can expand the Architecture to cover all possible types of enterprises. Thus the right-hand side of the Architecture would then represent the customer service rendered by any enterprise even if that service itself involved information.
Still a third line is presented which can be called the Extent of Automation Line (see Figure 5 ) which shows the actual degree of automation carried out or planned in the subject Enterprise Integration system. Therefore, it is the one which actually defines the boundary between the Human and Organizational Architecture and the Information Systems Architecture on the one hand, and the boundary between the Human and Organization Architecture and the Manufacturing Equipment Architecture on the other side.
The The Automatability Line showing the limits of technology in achieving automation will always be outside of the Extent of Automation Line with respect to the automation actually installed (see Figure 5 ). That is, not all of the technological capacity for automation is ever utilized in any installation for various reasons. Thus, the Human and Organizational Architecture is larger (i.e., more tasks or functions) and the Information System and Manufacturing Equipment Architecture are smaller (less functions) than technological capability alone would allow or require.
Note that for a completely automated plant as an extreme case, both the Automatability Line and the Extent of Automation Line would coalesce together and move to the left edge of the Information Architecture block and correspondingly to the right edge of the Manufacturing Architecture block. Therefore, the Human and Organizational Architecture would disappear and the Information Systems Architecture and the Manufacturing Equipment Architecture would coincide with the unmanned Information Architecture and the unmanned Manufacturing Architecture, respectively. Note that Figure 5 uses the Fluor Daniel form of the PERA diagram, i.e., Enterprise Mission aspects are placed in the left (Figure 4) , as well as succeeding figures.
Fluor Daniel used the above discussion to emphasize several rules of project developed procedure as shown in Figure 6 .
The Fluor Daniel training sessions also emphasized the state of knowledge of Human and Organizational factors and that this resulting lack requires that special attention be given to this area by project management to assure success. Figure 7 shows this. Figure 8 and the following discussion of the Purdue phased approach and its academic justification allowed Fluor Daniel to emphasize a similar approach to the organization of their project work. Purdue had used the Axioms of Engineering Design developed by Professor Nam Suh (1990a Suh ( , 1990b to show the correctness of PERA as an engineering design. Fluor Daniel applied the same axioms to their project management. These are shown in Figure 9 . Suh's work also carried several corollaries to the axioms. These readily show the impact of late modifications to scope or equipment specifications of the project and the need for early and firm project decisions. This is dramatically illustrated by Figures 10 and 11 . Figure 12 also shows how project work can become 'unstable' if too many changes are made too quickly. It is important to note in Figure 11 the impact of continuing project work on the financial commitment to a project. As listed there, Conceptual Engineering involves approximately a 1% involvement; Preliminary Engineering involves 2%; and Detailed Engineering about 8%. After this Construction accounts for 80% while Project Acceptance by the User commits all funds involved Thus as strongly shown in the Fluor Daniel-PERA Methodology early decision making is vitally important. 
THE IMPORTANCE OF A PHASED APPROACH
Why Use a Phased Approach ?
Why should this be so ?
Because it allows the Project to;
Reduce rework Improve Communications Improve Quality Reduce Costs Figure 9 Axioms of project management. x e.g., Change Valve on P&ID (10) during Detail Design (13) x Rework Piping (13) x Rework Wiring and DCS Configuration (15) x Change Sequence of Operation (12) If Preliminary Engineering is Impacted, since (10), (11) and ( 
INTERFACES
Purdue had also done considerable work to define and analyze the interfaces that occur in an enterprise engineering project not only between the individual task modules involved but also within and between the phases of the engineering project as shown by the PERA architecture. Again, the Fluor Daniel staff took advantage of this information to teach the behavior of their project performance factors and propose methodologies which would avoid the resulting problems. They also took advantage of opportunities uncovered by this information. Some of this is already shown in Figures 8-10. Figures 11-14 emphasize the importance of considering each and all of these interfaces and their effects on the project and on the resulting plant and its performance. Figures 16 and 17 summarize the requirements for the good project practices developed from this.
THE FLUOR DANIEL WORKBENCH
As noted, the lengthy table which accompanied Figure 3 in the Purdue documentation of PERA (not reproduced here) presented an extensive list of the assignments of tasks, models of the tasks and their interconnections, tools to carry out these tasks, and the interfaces between tasks and phases throughout the enterprise development and operational life history. Fluor Daniel already had a large set of engineering procedures and tools to carry out most of this work, much of it computerized and interconnected with a massive company-wide database of specifications, procedures, report formats, tools, etc The PERA outline gave them an excellent new mechanism for organizing, categorizing, and teaching the technology to their company and client personnel. 
LESSONS FOR MANAGEMENT
The PERA technology has not only been of use to Fluor Daniel's engineering and construction groups but it can also be used to help management in their future planning and decision making. Figure 21 illustrates this point. Fluor Daniel's management had prided themselves on the company's excellence in and concentration on the area of the Detailed Design and Construction of plants. This is Blocks 13 and 16 on Figure 21 . However, Figure 21 points out that the downsizing which is occurring in many of their customer companies has created an opportunity to expand Technical Services and access the full set of activities defined in the PERA models.
Figure 13
Inter-discipline interfaces. The Following Can Then be Deduced from the Principles Described Above:
• Optimum "Tuning" Between Phases is Different than Within Phases, but Both May Become Unstable.
• Reduction of Time Delays (e.g., to Produce Deliverables) Will Improve the Responsiveness Which is Possible Without Becoming Unstable.
• Data Should be Released Between Disciplines in Self-Consistent Sets to Minimize Recycle and Instability.
• Scope Changes Should be Issued for Any Revision of Inputs from the Previous Phase, or for Any Out-of-Sequence Discipline Work.
• If Phases Must be Done in Parallel, it is Critical to Understand Interactions to Minimize Impact.
• The Number of Discipline Subprojects Should be the Minimum Required to Bring the Necessary Expertise and Resource Level to Bear.
• In Preliminary Engineering, 10, 11, 12 are Not Independent. As a Result, Effective Execution Requires a Small Multi-Skilled Team Operating in a Tightly Interactive Design Environment. 
SUMMARY
This paper has presented a review of some of the ways in which Fluor Daniel, Inc., has used the Purdue Enterprise Reference Architecture and Purdue Methodology (PERA) to form the basis for organizing their own project execution and project management tools and system to be one integrated whole. The ways which they used to slightly modify the presentation of PERA to greatly increase its relevance and acceptance by engineering disciplines other than control and information systems are most noteworthy. Similar methods might be used by other groups.
Most other major developments associated with PERA such as the Axioms of Engineering Design, the study of Interfaces, etc., have also been incorporated into the Fluor Daniel system.
It should be appreciated that all of the changes described here have been cosmetic, i.e., changes in wording, arrangement of figures, etc., to satisfy discipline and cultural preferences of the prospective users. There have been no changes in the technology expressed by PERA or the concepts involved.
Nevertheless, it must also be appreciated that these modifications, cosmetic as they may be, can have a profound effect on the degree and rate of acceptance by others of these technologies.
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